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Ablative heat shields, effects of space 
environments on adhesives for, 369 
nylon—phenolic, 125 
Adhesive-bonded rocket motor cases, 
219, 233, 241, 435 
studs, high load- 
carrying, 65, 75 
high load-carrying, adhesive-system 
preparation, 79 
aluminum-cleaning procedures, 79 
Adhesive oe modulus of elasticity, 
160, 225 
modulus of rigidity, 160 
shear modulus, 48, 51, 70, 107, 159 
see also Bonded joint test 
Adhesive thickness, effect on shear 
strength, 88, 272, 312, 314, 402 
Aging, 14, 226, 246, 258, 291, 302, 482 
Anaerobic adhesives, 462 
Anodizing aluminum, effects on bonding, 
321, 332 
effects of sealing, 340 
Application variables, 429 
effect on epoxy adhesive, 397 
B- 58, adhesive bonding in, 111 
Bell helicopters, adhesive bonding in, 251 
Binders, for propellants, 224, 244 
Boeing 727, adhesive bonding in, 191 
Bonded honeycomb sandwich, in aircraft 
structures, 110, 131, 148, 157 
see also Honeycomb 
Bonded-joint tests, 
aging, 14, 226, 246, 258, 291, 302, 482 
cleavage, 34 
column compression, 138, 147, 295 
core shear, 138 
creep, 115, 258, 305 
disk shear, 83 
double lap shear, 62, 314 
edgewise compression, 312 
fatigue, 193, 201, 215, 303 
flatwise tension, 137, 275, 297, 310, 373 
flexure, 149, 312 
impact, 13 
‘napkin-ring,”’ 86 
peel, 11, 29, 147, 221, 258, 308, 330, 379 
shear modulus, 48, 51, 70, 107, 159 
specifications for, 8, 10, 11, 13, 145, 158, 
364, 421 


tensile, 10 

tensile shear, 8, 82, 99, 149, 281, 316, 
322, 358 

torsional shear, 70, 86 

Bond geometry, effect on strength, 108, 
189, 314 
Bonding, of aluminum, 2, 29, 97, 118, 

131, 148, 157, 193, 212, 264, 300, 
319, 339, 356, 362, 372 

of beryllium, 289 

of brass, 264, 335 

of bronze, 338 

of copper, 264, 338 

of glass, 97 

by localized electrical heating, 270 

of magnesium, 29, 337, 341 

of phenolic resin—Fiberglas, 273 

of plastics, 228 

of rubber 228 

of stainless steel, 17, 279, 283, 300, 339, 
356, 374, 482 

of steel, 6, 96, 228, ye 264, 337 

of titanium, 264, 279, 283, 300, 338, 366 


Bonding problems, compatibility with 


explosives, 23 

contamination of adherend surfaces, 428 

corrosion in glueline, 149, 265, 321, 341 

heat-transfer rate during autoclave 
bonding, 255 

during honeycomb panel fabrication, 
140 

low temperature storage effects on 
adhesives, 252 

in military applications, 20 

with nylon—phenolic heat shields, 125 

pressure distribution during autoclave 
bonding, 255 

during propellant casting, 246 

with room temperature-curing tapes, 
199 

vibration during honeycomb panel 
riveting, 149 

water entry into honeycomb panels, 147, 
212 


Bond strength, effect of bending moments, 


103, 230 
effect of bondline thickness, 88, 272, 312, 
314, 402 
effects of weathering on, 18 
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Bulk properties, 6 
Char yields, in ablators, 388 
Chemicaily blocked adhesives, 456 
Cohesive strength, 2, 328 
Color coating of adherend, effect on bond 
strength, 338 
Comparison, of strength of spot-welded 
versus bonded hollow joints, 211 
Composite heat shields, bonding of, 123 
Compressive modulus, 178 
Conductivity of joints, electrical, 37 
thermal, 37 
Contact resistance, of adherend surface, 
329 
Contaminants, effects in epoxy adhesive, 
400 
Continuous stress, effect on bond strength, 
356 
Corrosion, in adhesive bonding, 149, 265, 
321, 340, 341 
test apparatus, 261 
Cost, adhesive bonding versus riveting, 28 
advantage of adhesive bonding versus 
press fitting, 464 
advantages of localized electrical heat- 
ing, 268 
savings using nondestructive tests, 432 
Crack propagation, 195, 204 
Creep, bonded sandwich measurement, 115 
column-creep beam test, 115 
effect of varying bond stress on, 114 
measurements of high temperature 
adhesives, 109 
Creep tester, dead-weight load system, 111 
pneumatically loaded system, 112 
Cryogenic applications, polyurethanes for, 
364, 378 
Cryogenic testing, 483 
of epoxy—phenolic, 362 
of polybenzimidazoles, 293, 301 
Cumulative cure times, effect on bond 
strengths, 6 
Curing, effects at room temperature, 323 
effects of temperature on bond strength, 
347, 402 
with internal heat source, 267 
Curing agent, effect of concentration on 
bond strength, 398 
Degradation, effects of metals on adhesive 
at high temperatures, 280 
see also Environmental effects 


Design, of corner joints, 33 
effect of cleavage on corner joints, 34 
of honeycomb structures, 131, 143, 157, 
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of maximum strength joints, 108 
in rocket motors, 220, 234, 242 
simulating limit, 45 
theoretical analysis for joints, 57 
theoretical determination of stress in 
honeycomb, 171 
tolerance limitations, 32 
Differential thermal coefficients of ex- 
pansion, adhesive system to over- 
come, 124 
effects as related to cooling rates, 324 
Dow process, for magnesium, 350 S 
Ebonol process, for magnesium, 350 
Electrical-resistance heat, for curing 
adhesives, 267 
Environmental effects, electron 
radiation, 365 
heat aging, 14, 226, 246, 258, 291, 302, 
482 
heated vacuum, 383 
humidity, 197, 247, 309, 323, 332, 356, 
399 
hyperthermal conditions, 371 
radiant heating, 383 
at reentry temperature, 385 
salt spray, 197, 309, 332, 399 
thermal cycling, 19, 383 
vacuum, 365 
weathering, 18 
Equipment, for creep, 111, 118 
electrically heated autoclave, 205 
for infrared testing, 438 
for modulus of rigidity, 46 
press, 3000-ton, 205 
for shock, 78 
for torsional shear, 69 
for ultrasonic testing, 412 
Equipment enclosures, bonding of, 27 
European aircraft, adhesive bonding in, 
203 
Fabrication, of composite heat shields, 128 
of honeycomb panels, 135, 364 
Fatigue improvement, 201, 215 
Fillers, aluminum, 279 
beryllium oxide, 37 
carbon, 388 
effect on heat conductivity, 37 
Fillets, effect on bond strength, 158, 255, 
322, 382 
Flatwise compression, 176, 295 
Flatwise tension, 137, 275, 297, 310, 373 
Flexibilized joints, 48, 102 
Fokker bond tester, 411 
capabilities and limitations, 418 
correlation curves for, 420 
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instrument shift readings, 418 
quality diagrams for, 423 
test specimens for, 422 
Futuristic adhesives, 455 
anaerobic adhesives, 462 
cyanoacrylate adhesives, 459 
heat-resistant adhesives, 479 
hot-melt adhesives, 474 
low temperature adhesives, 483 
microencapsulation of, 469 
molecular sieves in, 467 
oil-absorbent adhesives, 477 
polyurethanes, 465 
silicone elastomers, 456 
water-based adhesives, 471 
Glueline thickness, 88, 272, 312, 314, 319, 
391, 402 
Graphite fibers, electrical resistance of, 269 
for use as electrical resistance heaters, 
267 
Grit size, effect on bond strength, 324, 335 
Heat aging, improvement of poly- 
benzimidazoles, 281 
Heat cure, internal versus conventional, 
268 
Heating rates, in setting adhesive bonds, 
4, 254, 323 
Heat resistance, of honeycomb adhesives, 
133 
of long-term service adhesives, 210, 299, 
479 
of polybenzimidazole adhesives, 279, 
301, 309 
Heat-resistant adhesives, 279, 299, 479 
Honeycomb aluminum, bonding fixture 
for, 135 
characteristics of adhesives for, 167 
cleaning of, 135 
core condensation, 141 
core node bond failures, 134 
detection of damaged core, 417 
heat resistance in bonding, 273 
horizontal stabilizers, 143 
minimum strength requirements of, 137 
sealing from water, 132, 212 
theoretical determination of stresses 
in, 171 
Honeycomb phenolic resin—Fiberglas, 273 
Honeycomb properties, compressive 
modulus of, 178 
compressive strength of bare versus 
bonded, 168 
effect of adhesive weight, 161 


effect of filleting on, 158, 184, 255 
flexural strength, 163 


node bond shear stress, 188 
shear modulus of, 159 
Honeycomb steel, bonding to, 373 
Hot-melt adhesives, 276, 474 
Hot-melt bonding, with internal-re- 
sistance heaters, 275 
Hughes quality-assurance system, 430 
Hydrolysis, of phosphate coatings, 338 
Imidite, 299 
see also Polybenzimidazoles 
Infrared inspection, area inspection rate, 
447 
data analysis, 449 
‘defect temperature gradient, 448 
display techniques, 440 
emissograph readings, 442 
exposure time, 448 
nondestructive testing, 435 
operational parameters and detect- 
ability factors, 444 
peak temperature and accumulated 
heat rise, 445 
spiral scanning of cylindrical specimens, 
437 
thermal energy injection, 440 
Insulation, bonding in rocket motors, 219 
Intergranular corrosion, of aluminum 
alloys, 251 
Jig design, for continuously stressed 
specimens, 354 
Joint analysis, 44, 57 
Joint designs, comparison, 95 
of corners, 39 
Joint strength, see Bond strength and 
Bonded joint tests 
Lap joints, effect of fillets on, 158, 255, 322, 
382 
effect of overlap length, 236 
effect of overlap-to-glueline thickness 
ratio (L/t), 57, 314 
shear-stress distribution in, 102 
Limit design, 43 
simulated, 45 
to prelocate areas of maximum stress, 
48 
Load transfer, in joints, 61, 229 
Marlin P5M seaplane, adhesive bonding 
in, 143 
Mechanically blocked adhesives, 467 
Medium temperature-curing adhesives, 
251 
advantages, 252 
Microencapsulation, 469 
Misalignment of adherends, in bonded 
structures, 254, 429 
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Modulus of rigidity, 46, 71, 160 
Molecular sieves, 467 


by tapping, 137, 145 
by ultrasonics, 405, 411 
Nylon—phenolic heat shields, bonding of, 
123 
Oil-absorbent adhesives, 477 
Open-time, effect on bond strength, 399 
Oxidative degradation, of polybenzimid- 
azoles, 280 
Permanence, 13, 353 
see also Environmental effects 
Phantom II, adhesive bonding in, 131 
Poisson’s ratio, 160 
Polybenzimidazole structural adhesives, 
279, 299, 482 
Polyimides, 482 
Polyurethanes, for bonded studs, 76 
for cryogenic applications, 364, 378 
Postcure, effects on polybenzimidazole, 
290 
Pot-life, effect on bond strength, 399 
Pressure, effect on heatup rates, 255 
Pressure vessels, bonding of, 233 
Process considerations, cure control, 30, 
199, 254, 431 
prebond treatment control, 31, 200 
shrink fit technique, 23 
racuum bag techniques, 136 
Process controls, with Fokker tester, 426 
of honeycomb panels, 137 
by lap shear, 32 
for magnesium, 348 
by peel, 32 
Propellants, bonding in rocket motors, 241, 
435 
Pyrolyzed structures, 
for, 385 
processing variables, 389 


adhesive systems 


resin formulations, 388 
theory and approaches, 386 
teaction, between adhesive and titanium, 
280 
Keliability, 262 
lack of, in hand surface preparations, 200 
by ultrasonic testing, 408, 411 
of various aluminum surface prepara- 
tions, 320 
tepair, of bonded rotor blades, 253 
in field, using internal heaters, 268 


Nike electronic equipment enclosures, 
resistance to shock, 29 
resistance to vibrations, 29 
Nondestructive testing, by infrared 
technique, 435 


Repairability, of bonded structures, 263 
Rocket motors, adhesive-bonded cases, 233 
bonding of insulation, 219 
bonding propellants in, 241 
detection of bond flaws using infrared, 
435 
stress imposed on propellant—liner 


bond in, 242 
Room temperature-curing adhesive film, 

192 
Sandwich construction, see Honeycomb 
Saturn S-IV B, adhesive bonding in, 361 % 


Screw threads, cemented, 81, 462 
Self-bonded insulation, 227 
Shear modulus, design criteria, 48, 107, 159 
joint test, 51 
of nitrile-phenolic adhesives, 70 
Shock loading, of bonded studs, 77 
Space applications, 209, 361, 369, 479 
Strain measurement, 47 
Strain rate, effect on shear strength, 88 
Stress distribution, in adhesive joints, 103 
Structural metal bonding, in Nike elec- 
tronic equipment enclosures, of 
aluminum, 28 
in Nike electronic equipment enclosures, 
of magnesium, 28 
Surface preparation, of aluminum, 2, 79, 
97, 145, 264, 300, 319, 339 
of brass, 264, 335 
of bronze, 338 
comparison of, for aluminum, 15, 320 
for magnesium, 345 
for stainless steel, 17 
contamination of FPL etched surface, 31 
of copper, 264, 338 
effect of size of grit on, 324, 335 
effect of time between cleaning and 
bonding, 193, 333 
of glass, 97 
of magnesium, 337, 341 
mechanical versus chemical, 33 
of plastic, 228 i 
of rubber, 228 
sealing of aluminum oxide coatings, 3, 
145 
of stainless steel, 17, 283, 300, 339 
of steel, 96, 228, 236, 264, 337 
of titanium, 264, 283, 300, 338 
Surface treatment versus bond strength, 
on aluminum, 15, 320 
on magnesium, 345 
Tack bonding, 254 
Tapered aluminum honeycomb panels, 
single-stage bonding of, 131 
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Tear-stoppers, 195, 204 


Testing, of bonded propellants, 243 
of corner joints, 34 
of honeycomb panels, 137, 145, 158, 
259 
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of pressure vessel, 237 


riveted versus bonded joints, 198, 215 


see also Bonded-joint tests 
Theoretical stress analysis, of bonded 
joints, 57, 171 
Thermal coefficients of expansion, 124, 
323, 384 


Thermodynamies, of adhesion, 245 


Ultrasonic coupling methods, contact, 407, 


418 


immersed, 407 
search unit wheels, 407 
Ultrasonic scanning equipment, 409 
Ultrasonic test devices, comparison of, 
Ultrasonic test methods, pulse-echo 
reflection, 406 
pulse-through transmission, 406 
sweep-frequency resonance, 406, 411 
Ultrasonic transducers, 412 
Variable adhesive joints, 102 
Water rinse, effect on bond strength, 3, 


321, 336 


Weak-bond detection, 432 
Weathering, of bonded joints, 18 


Wettability, 1, 88, 245, 324, 328, 428 
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